Designing an argumentative decision-aiding tool for urban planning. AIPA : an interface between multicriteria decision aiding and argumentative frameworks by Delhomme, Benjamin et al.
HAL Id: hal-01837517
https://hal.archives-ouvertes.fr/hal-01837517
Submitted on 2 Jun 2020
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Distributed under a Creative Commons Attribution| 4.0 International License
Designing an argumentative decision-aiding tool for
urban planning. AIPA : an interface between
multicriteria decision aiding and argumentative
frameworks
Benjamin Delhomme, Franck Taillandier, Irène Abi-Zeid, Rallou
Thomopoulos, Cédric Baudrit, Laurent Mora
To cite this version:
Benjamin Delhomme, Franck Taillandier, Irène Abi-Zeid, Rallou Thomopoulos, Cédric Baudrit, et
al.. Designing an argumentative decision-aiding tool for urban planning. AIPA : an interface be-
tween multicriteria decision aiding and argumentative frameworks. Colloque OPDE 2017, Institut
National de Recherche Agronomique (INRA). UMR Innovation et Développement dans l’Agriculture









Benjamin Delhomme (1), Franck Taillandier (1), Irène Abi-Zeid (2),  














the	 stakeholders	 to	 formalize	 the	 decision	 problem	 by	 taking	 explicitly	 into	 account	 the	 diverse	
opinions	expressed	and	ensuring	their	traceability.	Through	the	argumentative	approach,	our	goal	
is	 thus	 to	enhance	participatory	decision	making	by	organizing	and	 formalizing	debates	between	
stakeholders.	To	this	effect,	we	propose	AIPA,	an	interface	the	makes	the	transition	between	natural	
language	 and	 abstract	 argumentation	 systems.	Our	 aim	 is	 to	 place	 debates	 at	 the	 center	 of	 the	
decision	analysis	process	in	order	to	facilitate	the	acceptance	of	the	final	decision	by	all	parties.		
Keywords: 
Decision-aiding,	 urban	 planning,	 argumentative	 approach,	 participative	 decision,	 multicriteria	
decision	analysis	
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Urban	planning	 is	 an	 important	 issue	 for	 all	 cities.	 The	question	 is	 how	 to	 develop	or	 redevelop	 a	
neighborhood,	i.e.	design	buildings,	green	spaces	and	transportation	infrastructures	such	as	roads	and	
tramway	tracks.	Urban	planning	projects	must	take	advantage	of	the	current	state	and	invent	the	city	
of	 tomorrow	 while	 meeting	 the	 challenges	 of	 sustainable	 development.	 The	 many	 dimensions	 of	
sustainable	development	include	social	(creating	a	social	link,	ensuring	a	good	living	environment	for	
the	 inhabitants,	 fulfilling	 spiritual	 needs,	 etc.),	 economic	 (limiting	 investment	 costs	 for	 the	
municipality,	 limiting	 costs	 for	 residents,	 limiting	maintenance	 costs,	 etc.),	 environmental	 (limiting	






participation:	 sustainable	 development	 can	 only	 be	 achieved	 in	 consultation	 with	 the	 various	
stakeholders	involved	in	decision-making,	ideally	leading	to	a	wide	consensus;	a	development	project	





Many	 qualitative	 public	 participation	 approaches,	 based	 on	 dialogue	 to	 guide	 the	 actors	 to	 a	 final	
decision	in	public	decision-making,	have	been	used	for	urban	planning	(O'Faircheallaigh,	2010;	Evans	




these	approaches	concerns	 their	 lower	 level	of	 formalization	and	reproducibility	 (Hutchel	&	Molet,	




table	 that	 could	 help	 understand	 the	 rationale	 behind	 the	 choices	 made	 (e.g.	 values	 considered,	
project	requirements,	information	available,	consequences,	etc.).		
	
To	go	beyond	these	 limitations,	 the	scientific	 literature	contains	numerous	formal	decision	support	
methods	 that	have	been	used	 for	urban	planning,	whether	 they	are	mono-criterion	based	 such	as	
benefit/cost	analysis	or	multicriteria	based.	MultiCriteria	Decision	Aiding	(MCDA)	has	been	around	for	
the	 last	 50	 years,	 resulting	 in	 a	 large	 number	 of	 methods	 and	 applications	 (Greco	 et	 al.,	 2016).	
However,	these	methods	often	do	not	advocate	a	participative	approach	and	assume	that	stakeholders	
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conducts	 decision	 conferencing	with	 several	 stakeholders.	 However,	 the	 focus	 is	 often	 not	 on	 the	
discussion	 process	 and	 on	 the	 arguments	 presented	 but	 rather	 on	 the	 construction	 of	 a	 common	
preference	model	 through	 consensus.	 Consequently,	 it	 is	 difficult	 to	 explicitly	 integrate	within	 the	
mathematical	 frameworks	of	these	methods,	 the	richness	of	the	discussions	between	the	actors	as	
well	as	the	problem’s	complexity	(Ministère	de	l'Ecologie,	du	Développement	durable,	des	Transports	
et	 du	 Logement:	 Paris,	 2004).	 Moreover,	 the	 main	 challenge	 in	 using	 MCDA	 is	 undoubtedly	 the	
structuring	phase	since	decision	problems	are	often	quite	difficult	to	deal	with,	and	alternatives	and	
criteria	 are	 rarely	 readily	 available	 (Marttunen	 et	 al.,	 2017;	 Belton	 &	 Stewart,	 2010;	 Franco	 and	
Montibeller,	 2010).	 Therefore,	 structuring	 and	 formalizing	 a	 decision	 problem	 to	 fit	 into	 a	MCDA	








In	 addition,	 the	 final	 recommendation	 obtained	 by	 a	 MCDA	 method	 could	 be	 also	 be	 subject	 to	
discussion:	 Is	 it	 really	acceptable	for	all	 the	stakeholders?	Why	was	such	a	decision	reached	by	the	
MCDA	method?	Does	it	really	reflect	the	decision	makers	preferences?	To	address	these	questions,	
some	argumentations	 technique	 for	 the	explanation	of	MCDA	results	have	been	applied	at	a	more	
theoretical	level	(Amgoud	et	al.,	2005;	Labreuche,	2011).		
	





criteria	decision	projects	 that	allows	us	 to	 formalize	 the	natural	 language	arguments	exchanged,	 in	
order	to	challenge	their	relevance	and	to	evaluate	them	in	an	argumentation	framework.		
	
Projects	 combining	 argumentation,	MCDA	 and	 computational	 social	 choice	 have	 been	 successfully	
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account	 the	 diverse	 opinions	 expressed.	 Our	 goal	 is	 to	 enhance	 participatory	 decision	 support	 in	
general,	 and	 in	urban	planning	 in	particular,	 through	semi-automated	argumentative	and	semantic	
approaches	that	help	in	organizing	and	formalizing	discussions	between	stakeholders.	The	proposed	
tool	 is	 meant	 as	 an	 interface	 between	 natural	 language	 arguments	 and	 abstract	 argumentation	













In	 order	 to	 evaluate	 the	 collective	 acceptance	 of	 arguments	 and	 reach	 a	 decision,	 argumentation	
frameworks	 introduced	 by	 Dung	 in	 his	 seminal	 paper	 (Dung,	 1995)	 and	 the	 different	 frameworks	
derived	from	it,	such	as	Value-based	AF	(Bench-Capon,	2003),	(Dunne	et	al.,	2011),	and	(Amgoud	&	
Ben-Naim,	 2013)	may	 be	 used.	 Argumentation	 frameworks	 are	 abstract	 argumentation	models	 of	
argumentative	discourse,	used	to	confront	conflicting	arguments	 in	order	 to	arrive	at	a	conclusion.	
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and	can	be	differently	 instantiated	and	defined	 in	different	contexts	 (Walton,	2009).	Quoting	Dung	




raising	 doubts	 about	 its	 acceptability	 through	 critical	 questions,	 by	 questioning	 its	 premises,	 or	 by	









Although	 theoretically	 relevant,	 the	 application	 of	 Dung’s	 framework	 to	 real	 decisions	 is	 not	
straightforward.	One	of	 the	main	challenges	 resides	 in	 the	definition	of	an	argument.	As	discussed	














In	 order	 to	 address	 the	deficiencies	 described	 above,	we	developed	AIPA	as	 an	 interface	between	
natural	language	arguments	made	by	several	stakeholders	during	discussions	and	an	argumentation	
framework	 (Figure	 1).	 AIPA	 is	 designed	 to:	 (a)	 consider	 different	 stakeholders,	 (b)	 consider	
contradictory	objectives/criteria,	(c)	be	usable	by	any	argumentation	framework,	(d)	favor	discussion,	
(e)	give	immediate	results	to	be	used	in	the	discussion	(e.g.,	a	list	of	criteria),	(f)	be	easily	understood	
by	 non-experts	 in	mathematics	 and	 computer	 science.	 It	 gives	 a	 concrete	meaning	 to	 an	 abstract	
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2.1. Argumentation Frameworks – Definitions 
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defined	 different	 types	 of	 semantics	 that	 yield	 extensions	 (“preferred”,	 “stable”,	 “complete”,	 and	
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2.2. AIPA’s Implementation 
In	AIPA,	an	argument	is	a	concept	representing	a	proposition	(assertion)	that	can	be	either	a	Conclusion	
or	a	Statement	(Figure	3).	A	conclusion	is	a	particular	proposition	pertaining	to	a	given	decision.	For	
instance,	 a	 conclusion	 could	 be	 ”The	 project	 A	 should	 be	 selected”,	 or	 “The	 value	 of	 project	 A	 on	
criterion	j	 is	equal	to	Very	High”.	A	statement	is	a	proposition	providing	a	justification	why	another	
argument	 is	supported	or	not.	Because	a	statement	concept	 is	still	 too	broad,	we	formed	two	sub-
concepts:	 StatementFor	 and	 StatementAgainst.	 For	 example,	 the	 StatementFor	 “The	 project	 A	




all	 the	other	conclusions.	For	 instance,	 if	 two	conclusions	are	“Select	the	project	A”	and	“Select	the	
project	B”,	the	conclusion	Cneg	corresponds	to	“Select	neither	A,	neither	B”.	
	
When	 a	 Statement	 that	 is	 a	 StatementAgainst	 has	 an	 about	 relation	with	 a	 conclusion	 or	 another	
statement,	this	relation	is	translated	into	an	attack	relation.	A	StatementFor	with	an	about	relation	
with	a	given	conclusion	X,	will	have	an	attack	relation	with	all	other	conclusions,	 that	are	mutually	
exclusive	 with	 conclusion	 X.	 Two	 conclusions	 that	 are	 mutually	 exclusive	 will	 attack	 each	 other	
respectively.	Otherwise,	they	will	have	no	attack	relation	in	the	resulting	argument	graph.		
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of	 them	will	be	attacked	by	and	will	attack	a	new	Cneg	conclusion	“The	project	 should	not	 start	 in	
January	AND	the	project	should	not	start	in	February”.	On	the	other	hand,	the	conclusion	A	does	not	
compete	 with	 other	 conclusion	 except	 its	 own	 negation	 “The	 cost	 of	 this	 project	 shouldn’t	 be	 a	
criterion”,	 thus	 no	 attack	 will	 appear	 between	 A	 and	 the	 set	 {B,C}.	 As	 for	 the	 statements,	 if	 a	
StatementAgainst	S1	is	made	about	a	conclusion	such	as	A,	it	will	be	translated	into	an	attack	from	S1	
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2.3 AIPA’s Interface 
The	AIPA	implementation	allows	the	user	to	add	an	argument,	to	use	an	AF	to	make	inferences	in	order	
to	define	the	acceptable	arguments	and	to	present	the	result	to	the	user.	A	given	user	puts	forward	an	
argument	 and	 specifies	 whether	 it	 is	 “for”	 or	 “against”	 another	 argument.	 Other	 users	 have	 the	
possibility	to	invalidate	this	argument	by	proposing	a	new	StatementAgainst	against	it	in	the	form	of	
“This	argument	 is	not	valid”.	The	results	presented	to	users	 is	 the	solution	consisting	of	the	 lists	of	
acceptable	 arguments	 (grounded	extension)	 and	non-acceptable	 arguments	 (outside	 the	 grounded	





libraries	 available	 that	 offer	 different	 views	 for	 the	 arguments.	 An	 example	 of	 the	 current	
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3.1. MCDA Structuration process 




for	 (a),	 if	 a	 stakeholder	wished	 to	 add	 a	 new	 criterion	 “Cultural”,	 he	 adds	 a	 new	 conclusion	 “Use	
Cultural	criterion”.	An	example	of	a	new	statement	(b)	is:	“Cultural	is	part	of	Social,	it	should	not	appear	
as	a	new	criterion	but	as	part	of	the	already	existing	Social	criterion”.	Each	time,	a	stakeholder	proposes	
a	 new	 argument	 (statement	 or	 conclusion),	 AIPA	 provides	 the	 acceptable	 arguments	 (part	 of	 the	















than	 those	 of	 the	 project	 B	which	 is	 ranked	 first).	 The	 final	 word	 is	 always	 given	 to	 the	 different	
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3.2. An application example 
In	order	to	illustrate	how	AIPA	can	be	used,	we	propose	a	simple	example.	Throughout	this	example,	
we	assume	a	discussion	about	an	urban	planning	project	pertaining	to	a	parcel	at	Pessac	near	the	tram	
track	with	 different	 stakeholders:	 the	mayor	 (Mayor),	 the	 technical	 services	managers	 (Tech),	 the	
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preference)	and	are	 thus	mutually	exclusive:	 “Cost”	and	 “Surface	of	 green	areas”	 comparison.	The	
discussion	results	in	different	arguments	(not	given	here),	which	yields	C2	as	the	valid	conclusion;	i.e.	
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In	 this	 paper,	 we	 proposed	 an	 innovative	 approach	 that	 allows	 to:	 (a)	 use	 argumentation	 in	 a	
participative	decision	problem	through	a	new	model	called	AIPA	and	(b)	couple	argumentation	with	











them	 into	 the	underlying	AIPA	arguments	model.	 Future	work	 includes	 the	 implementation	of	 the	
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